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ABSTRACT
Janus is a two-spacecraft SmallSat mission to fly by two different pairs of binary near Earth asteroids, (175706)
1996 FG3 and (35107) 1991 VH. The two identical Janus spacecraft are scheduled to launch during a launch period
opening 1 August 2022 as secondary payloads with the NASA Psyche mission, on a SpaceX Falcon Heavy launch
vehicle. Janus is led by principal investigator Dr. Dan Scheeres at the University of Colorado Boulder and managed,
built, and operated by Lockheed Martin. These planetary SmallSats share many deep space challenges similar to
larger missions: Janus must execute deep space maneuvers to achieve hundreds of meters per second ΔV to reach its
destinations, close a telecommunication link at ranges up to 2.4 AU, autonomously manage a several-month-long
telecommunications blackout during solar conjunction, operate at a maximum Sun range of 1.62 AU, and survive for
approximately four years in interplanetary space before encountering their target asteroids. During the encounters,
the spacecraft will return high resolution visible and infra-red images of the asteroids. In getting Janus to the pad, the
implementation team successfully managed an aggressive mission schedule despite COVID-19 related supply chain
impacts and work environments, all while remaining on target for the SIMPLEx-2 cost cap. Janus is a pathfinder for
achievable and affordable SmallSat science missions and demonstrates the valuable partnership between an
experienced deep space mission engineering team, the SmallSat commercial component industry, and a forwardlooking NASA model for Class-D science missions.
INTRODUCTION

the primary launch period runs from 1 August 2022 to 1
September 2022.

Janus is a reconnaissance mission to near-Earth binary
asteroids. Two independent but identical spacecraft will
each fly by a different binary asteroid system and image
the primary and secondary bodies with a visible and an
IR camera. The target systems, (175706) 1996 FG3 and
(35107) 1991 VH, represent different stages in the life
cycle of binary asteroids.1 The mission is named for the
Roman god of duality, beginnings, and endings, who is
often depicted with two faces looking into the past and
future. Janus will achieve foundational science on the
formation and evolution of microgravity aggregates,
one of the most numerous types of objects in the solar
system. The principal investigator (PI) for Janus is Dr.
Daniel Scheeres at the University of Colorado. In
addition to designing, building, and operating the Janus
spacecraft, Lockheed Martin Space also manages the
Janus mission for the NASA Science Mission
Directorate (SMD) Planetary Mission Program Office
(PMPO). Malin Space Science Systems (MSSS)
provides the science instruments. Both Janus spacecraft
launch as rideshare payloads with the Psyche mission;
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NASA selected Janus under the Small Innovative
Missions for Planetary Exploration (SIMPLEx)
program. The Janus mission concept evolved from the
Ross CubeSat mission concept in the Planetary Science
Deep Space SmallSat (PSDS3) study, which itself fed
into the SIMPLEx-2 solicitation.2,3 The NASA SMD
SIMPLEx-2 announcement of opportunity (AO) in
2018 solicited PI-led proposals for rideshare SmallSat
missions at a cost cap of $55 million, including mission
operations.4 This is an order of magnitude smaller than
the recent cost caps on Discovery missions, which was
previously the least expensive class of planetary
science missions. However, the cost caps cannot be
directly compared because the Discovery cost cap
excludes the operations phase and is expressed in fixedyear dollars, while the SIMPLEx-2 cost cap includes
operations and is in real-year (inflation adjusted)
dollars. (Note that, for the remainder of this paper, we
will use “SIMPLEx” to refer to missions meeting the
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expectations and guidelines established in the
SIMPLEx-2 solicitation.) One goal of SIMPLEx is to
use rideshare capacity on other NASA launches to
increase the cadence of planetary mission launch
opportunities. Another is to foster risk acceptance and
small spacecraft technology development for deep
space: as Ref. 4 discusses, a SIMPLEx “goal is to
provide a means to mature technologies for future
missions. SIMPLEx proposals are explicitly not
expected to rely solely on technologies having prior
flight heritage (although that is ok). The evaluation
process permits more technical risk than is customary
for larger science missions.” SIMPLEx missions are
defined to be NASA Risk Class D as described in NPR
8705.4, although, because deep space missions may
have necessarily long interplanetary cruises, SIMPLEx
mission lifetimes may exceed the 2 year lifetime
guidelines for Class D.5 NASA selected three missions
under this opportunity for a one-year Phase A/B
development to Preliminary Design Review (PDR) and
potential selection for flight: Janus, Lunar Trailblazer,
and EscaPADE. NASA subsequently confirmed all
three missions for flight. Janus may be the first mission
under the SIMPLEx program to launch into deep space,
depending on the relative order of Psyche and Artemis
1, which carries LunaH-Map (a SIMPLEx-1 mission).

multiple missions reduces the cost to operate long
missions.
MISSION OVERVIEW
Using visible and IR imaging camera science
instruments, Janus will perform a rigorous remote
sensing campaign; both when each binary system is a
point source, and when it is resolved. The spacecraft
will track the binary asteroid systems through closest
approach, allowing for a combination of surface
resolution and phase angle coverage unparalleled in
previous asteroid flyby missions. Each spacecraft
carries an identical instrument suite, known as JCam,
that consists of a visible-wavelength camera and an
infrared (IR) camera. Janus science will combine flyby
observations of the target binary asteroids with groundbased observations, enabling the high-resolution
imaging and thermal data to be placed into a global
context and leveraging all available data to construct an
accurate topographical and dynamical model of these
bodies. Based on these measurements, the science team
will study the formation and evolutionary implications
for microgravity aggregates and binary systems.
Table 1:
Date

Figure 1: The twin Janus spacecraft travel through
deep space
The same planetary exploration organization within
Lockheed Martin that developed spacecraft like the
OSIRIS-REx asteroid sampling spacecraft, the InSight
Mars lander, and the Lucy asteroid flyby spacecraft
designed and built Janus. The team also incorporates
commercial practices from the LM2100 and LM1000
satellite product lines, and has experience with
CubeSats through the Lockheed Martin-funded LunIR
spacecraft that will launch on Artemis 1. Lockheed
Martin will also operate Janus after launch from our
Mission Support Area. The LM Mission Operations
team is currently flying seven planetary missions for
NASA. Including experienced spacecraft operators in
the development teams helped to design for operability
from the beginning. Sharing operations staff across
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Major Janus mission events for a 1 Aug
2022 launch
Mission day

Event

1 Aug 22

0

Launch

14 Aug 22

13

Deep Space Maneuver (DSM)
start

25 Sep 22

55

DSM end

5 Dec 23

491

Conjunction start

24 May 24

662

Conjunction end

21 May 25

1024

Trajectory Correction Maneuver
(TCM) opportunity

30 Jun 25

1064

TCM opportunity

15 Jul 25

1079

TCM opportunity

30 Jul 25

1094

Earth Gravity Assist (EGA)

14 Aug 25

1109

TCM opportunity

29 Aug 25

1124

TCM opportunity

30 Sep 25

1156

Encounter time adjust TCM

20 Mar 26

1327

Janus A encounter with 1991 VH

21 Mar 26

1328

Janus B encounter with 1996 FG3

21 Apr 26

1359

Encounter downlink complete

The Janus spacecraft will launch on a Falcon Heavy as
secondary payloads with NASA’s Psyche mission on an
Earth-Mars trajectory.6 After initial acquisition, the
spacecraft execute deep space maneuvers (DSMs) with
electric propulsion thrusters, each up to approximately
115 m/s, targeting two asteroid flybys in spring 2026.
The DSM fires four thrusters over 42 days, split into
segments to facilitate navigation, with a maximum
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firing time just over 1000 hours. The timing and
duration of the DSM balances the capabilities of the
thrusters, the power available to the spacecraft as Sun
range increases, the thermal state of the spacecraft,
communications and navigation opportunities, and the
operations capability of the team. Completing the DSM
plan will put Janus on track for their encounters in
spring 2026.

primary and the Sun. This places the shadow of the
secondary on the primary, facilitating thermal science.
Figure 2 shows a representative rendering of the 1996
FG3 system as it would appear in the Janus Visible
Camera field of view at closest approach, providing a
sense of the expected geometry and scale of the science
images. Each encounter consists of 5 phases, covering
Sun-asteroid-spacecraft
phase
angles
from
approximately 90° to 270°: (1) long-range photometry
observations of the unresolved binary system’s light
curve, (2) medium-range imaging of the resolved
asteroid at low cadence, (3) highest-resolution imaging
at high cadence during closest approach when slew
rates peak, and (4-5) the sequence from (1) and (2) in
reverse as the spacecraft leaves the asteroid system.
Post-encounter, the spacecraft will downlink highly
compressed images and then selected full-quality
images over the following weeks.

The spacecraft communicate to the NASA Deep Space
Network (DSN) periodically throughout their mission.
Lockheed Martin performs navigation by deltadifferential one-way ranging (DDOR). Some DDOR
passes occur early in the mission during the DSM, but
most are concentrated before the asteroid encounters for
precise targeting.
Janus has a nearly four year interplanetary cruise. The
spacecraft operate independently from each other, even
though many mission events occur at similar times and
the spacecraft happen to be generally close to each
other until the Earth gravity assist. The spacecraft
traverse Sun ranges from 1.0 to 1.6 AU, and reach a
maximum range from Earth of 2.4 AU. During the
cruise there is an approximately 140 day conjunction
when the Sun is between the spacecraft and Earth,
limiting communication. The spacecraft attitude plan
during cruise balances communication, thermal, and
power requirements.
There will be at least two opportunities for JCam
observations prior to the asteroid encounters; Janus will
use these opportunities to hone the calibration of the
instruments and fine-tune the terminal tracking system.
The first such opportunity is a distant Mars encounter in
May-June 2023, which takes place at a distance of
approximately 7-9 million kilometers depending on
launch date. Although this is far outside the Mars
sphere of influence, Mars will be 40-50 pixels across in
the JCam Visible Camera, supporting calibration and
characterization. A second opportunity is the EGA,
during which the JCam can observe the Earth-Moon
system. The Moon provides an ideal target for
calibrating the temperature response of the JCam IR
Camera. Janus also plans to rehearse asteroid encounter
operations using the Moon as a stand-in for the
asteroids. This activity will provide a useful team
exercise and valuable performance data.

Figure 2: Simulation of JCam Visible Camera view
at closest approach to the asteroid system 1996 FG3
Most asteroids do not have well enough known
ephemerides to pre-plan a flyby as close as Janus to its
targets. So, to compensate for potential navigation and
ephemeris errors – in both spacecraft tracking and the
uncertainty in asteroid orbit – not only does the Janus
mission involve a dedicated ground observation
campaign of the asteroids but the spacecraft flight
software will process images in real time to track the
asteroids during flyby. This approach to spacecraft
pointing during the asteroid encounter makes use of
analyses and algorithms applied to the Discovery-class
Lucy mission, an example of the enabling synergy
between developments at Lockheed Martin for
traditional NASA programs and for the 10x lower cost
SIMPLEx program. The spacecraft computer processes
images from the JCam Visible Camera, identifies the
primary asteroid in the visible scene, and then estimates
the offset vector in 3D inertial space between the a
priori ephemeris knowledge of the asteroid and the

The asteroid encounters take place at a Sun range of
1.24-1.42 AU and Earth range of 0.3-0.6 or 1.1-1.6 AU,
with flyby speeds in the 3-5.5 km/s range depending on
launch date. Before encounter, the spacecraft will
execute TCMs designed to time closest approach to the
asteroid such that both components of the binary system
are in view, ideally with the secondary between the
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observed asteroid.7 For the Janus flyby speeds and close
approach distances, the most dynamic portion of the
encounter, when the onboard estimate converges to its
final accuracy, is only a few minutes long. The Janus
team tested the system with renderings, such as Figure
2, under a variety of flyby conditions. The final
onboard position estimate is expected to be within a
few kilometers of the actual asteroid position,
maintaining the primary asteroid of each binary pair
within the JCam Visible Camera view.

The Janus spacecraft (Figure 3) are identical in design,
with Janus A assigned to the 1991 VH encounter and
Janus B traveling to 1996 FG3. The per-spacecraft
launch mass is under 45 kg, and each occupies about
one quarter of the ESPA launch volume allocation.
They deploy from the ESPA ring interface using 8 inch
Lightband separation systems. The mass, volume, and
launch allocations result from a combination of factors.
First, SIMPLEx-2 program requirements limited the
total mission mass to 180 kg, even for multiplespacecraft missions. Second, limiting per-spacecraft
mass helps to meet the ΔV needs of the mission. Third,
the power and communications needs of this deep space
mission were best achieved with an antenna and solar
array that did not fit within a CubeSat dispenser even if
stowed.

On a mission that balances SmallSat capabilities against
a demanding deep space environment, it is important to
carefully focus on compelling science investigations
that can be achieved within the different capabilities of
small spacecraft. It is particularly important for a
science team to work with the spacecraft provider
during the early proposal formulation stage, as that lays
the groundwork for all subsequent architecture
development.
The Janus science mission occupies a sweet spot that is
ideal for a SmallSat implementation. Judicious
selection of the asteroid targets, to compare and
contrast these different binary systems with each other
as well as with other observed asteroids, is a key factor
in establishing the high science value of the mission.
Importantly, fundamental science questions for
microgravity binary systems can be addressed by
simple, existing visible and IR imagers. In addition,
one factor in achieving high science-value images of a
flyby target is slew rate capability, which allows the
spacecraft to fly close (nominally 85 km) to the
asteroids and view them throughout the flyby. The
momentum-storage-to-inertia ratio determines slew rate
capability, with a small spacecraft more likely to
achieve a high ratio than a larger spacecraft. Janus’ high
slew rate enables high-resolution (<2.5 m/pixel) images
without a large telescopic camera that would exceed
SmallSat resources. Janus will provide images at a
scientifically-motivated cadence in viewing and phase
angles that address critical morphological, photometric,
and thermal science objectives.

Figure 3: Janus during assembly and test
The JCam imager suite (Figure 4) includes an ECAMM50 visible camera and an ECAM-IR3 infrared
microbolometer, both from Malin Space Science
Systems and referred to as the JCam Visible Camera
and JCam IR Camera, respectively.8 The ECAM-M50
is based on the engineering cameras on the OSIRISREx and Lucy missions. Both cameras interface to a
Malin Space Science Systems Digital Video Recorder
(DVR), which provides both mass memory storage and
a single data interface between the spacecraft computer
and instrument.

SPACECRAFT

The avionics are aligned to the Class D designation of
SIMPLEx missions, with software fault protections
designed to trap and recover from faults in any
subsystem. Major subsystems consist of commercially
procured components from the SmallSat supplier
community. While the target environment for many of
these commercial components is Earth orbit, we
evaluated and selected them on performance metrics
relevant to the Janus mission environment. The
spacecraft command and data handling system is a radhard flight computer designed for interplanetary
SmallSat missions. The power system incorporates

The Janus spacecraft design embraces both Lockheed
Martin’s planetary spacecraft heritage and the
commercial SmallSat component supplier base. It has a
streamlined, single-string architecture, in keeping with
the Class D risk posture and the SIMPLEx program
goals. While the project will achieve an ambitious
science return from a forward-leaning, first-of-its-class
mission, Janus will meet threshold science goals if only
one spacecraft successfully executes its asteroid
encounter.
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encounter – as well as off-nominal activities. Many of
the subsystem components include their own fault
detection and mitigation capabilities, and spacecraftlevel fault protection traps and reconfigures or resets
the subsystem-level components.

solar arrays manufactured at the Lockheed Martin Solar
Array Center, along with a commercial power
distribution unit and batteries. A self-contained
commercial attitude control system provides spacecraft
pointing to commands computed in spacecraft-level
flight software. The spacecraft communicate back to
Earth using an Iris Transponder and a high-gain patch
antenna mounted to the spacecraft body; Iris provides
DSN compatibility and navigation functionality.9

IMPLEMENTATION
Despite their smaller sizes and much smaller budgets,
credible planetary SmallSat missions are not necessarily
easier to execute than large spacecraft. They require
program investment in systems engineering, design, and
analysis efforts that can stress a small or unpracticed
team. This increase in engineering effort is not usually
apparent from component hardware costs but is realized
at the system level. Our experience with Janus suggests
that the solutions to many challenges reside at the
mission level, in connecting appropriate science
objectives and mission design to credible small
spacecraft capabilities, and often are best addressed at
or before the time of mission proposal formulation.

Figure 4: JCam instrument suite flight hardware
The Janus propulsion system consists of six 1U all-inone electric propulsion thrusters per spacecraft. These
are commercially available products with flight
heritage. There was substantial engineering effort
devoted to assessing their suitability to the Janus
mission parameters, which ultimately motivated the
relatively late decision to include redundant thrusters on
each spacecraft. Each Janus spacecraft nominally
operates with a set of four thrusters and two spares. In
the event of any one thruster failure, the spacecraft can
re-configure to a different set of four thrusters using the
spares. The thrusters are canted such that any one of its
defined thruster sets can not only achieve Janus’ deep
space maneuver ΔV requirements, but also provide
reaction wheel desaturation at any point in the mission.
Janus’ solar arrays are gimbaled to provide power for
thruster firings along any inertial thrust vector.

Figure 5: Janus principal investigator and
members of the science team inspect the spacecraft
Programs targeting interplanetary launches must
maintain schedule to meet launch dates determined by
the motion of Earth, the destination, and any gravity
assist target around the solar system. The schedule
pressure is even more intense for secondary payloads
because the primary mission determines the schedule,
and if the secondary misses the launch there is unlikely
to be any similar launch opportunity to fall back on. For
rideshare missions like SIMPLEx, which NASA solicits
after selecting the primary mission, the total program
schedule is compressed, magnifying the importance of
meeting both project-level milestone dates and
component-level delivery dates during development.
This is significantly different from the more relaxed
schedule pressures for Earth orbiting missions, whose
launch opportunities are physically feasible on almost
any day with multiple similar rideshare opportunities
per year. On a SmallSat project assigned to a specific

The integration and test campaign, flight software, fault
protection architecture, autonomy and sequencing, and
command and telemetry interface draw extensively
from the baseline of Lockheed Martin Discovery and
New Frontiers missions. Flight software is modular and
highly configurable, allowing comprehensive control of
the spacecraft’s behaviors for autonomous operation
during long out-of-contact periods, including while
executing thrust maneuvers. Flight software and
onboard sequences are rigorously tested at the
component level and through the spacecraft level- using
the flight spacecraft; these include scenario tests that
cover important events such as launch, DSM, and

Shoer

5

36th Annual Small Satellite Conference

planetary launch, it is critical for both subsystem
suppliers and the spacecraft design and integration
effort to maintain robust performance to the schedules
estimated at the beginning of a project. We have found
that, although SIMPLEx may accept less mature
technologies than in Discovery,4 it is important for
effective project execution to limit the scope of
development efforts.

execution, as shown in Table 2, and completed thermal
vacuum testing (Figure 6) by the time of this writing.

Table 2: The Janus project schedule successfully
absorbed supply chain delays from originally
forecast milestone dates
Milestone

Initial plan

Realized date

Phase A/B start

1 Aug 2019

7 Aug 2019

Phase C/D start

1 Sep 2020

3 Sep 2020

Assembly and test start

1 Jul 2021

16 Aug 2021

Environmental test start

7 Jan 2022

4 May 2022

Ship to launch site

27 May 2022

26 Jun 2022
(planned)

Figure 6: Janus in thermal vacuum chamber
As a rideshare mission, the Janus ΔV budget had to
absorb changes in the interplanetary target launch state
vector and launch dates driven by the primary mission
as it matured. The primary mission, launch provider,
and NASA Launch Services Program (which procures
and manages the launch) have all been generous and
accommodating of the secondary payloads. But, in any
launch, secondary payloads are inherently subordinate
to the needs of the primary. Changes to the Psyche
trajectory design that optimized the launch targets for
the primary mission resulted in repeated major changes
to the Janus mission design effort. The Janus ΔV
budget provides a dramatic illustration: At PDR, each
Janus spacecraft carried almost twice as much
propellant as was expected to be needed to divert from
Psyche’s Mars flyby launch state to the Janus asteroid
encounter trajectories. But by the time of launch, a
combination of more realistic thruster performance
data, changes in the reference launch state vector, and
mass growth from adding redundant thrusters consumed
nearly all of that margin for the worst case launch dates.
The team implemented changes in the concept of
operations and thruster performance profile to buy back
appropriate levels of performance margins. This is not
unlike some of the mission challenges experienced by
the CubeSats on Artemis 1, who may need to reevaluate their mission designs every time the primary
launch period changes, and underscores the needs for
both high-quality component performance data and
early, stable definition of launch states to enable
planetary rideshare missions.10 In general, Janus had to
accommodate a wide range of mission design
conditions with a single spacecraft design, resulting in a
range of flyby conditions at each binary asteroid
depending on whether Psyche launches at the beginning

On Janus, meeting schedule milestones has been more
challenging than usual because of the COVID-19
pandemic. Unlike many worksites across the country,
the Lockheed Martin facility never completely closed
during COVID. Instead, by encouraging team members
who could work from home to do so, it was possible to
reduce the on-site population so that employees who
needed to work on site (such as in assembly and
operations areas) could do so safely. However, some
supporting organizations and vendors did have to
contend with offices or test facilities shutting down
completely. Travel also came to a halt for many
months, causing major program reviews to be held
virtually. Almost every component lead time was also
affected by supply chain difficulties. The subsystem
that was delivered closest to its original schedule
estimate in percentage terms (indeed, slightly ahead of
schedule) was the JCam, which was built by an
experienced planetary mission component provider.
Many supply chain delays resulted from unforeseen
slips, suggesting that newer suppliers might not have
maintained the robust schedule margins or mitigations
that facilitate planning to planetary launch dates. As
development and logistical challenges can be especially
hard to anticipate from the small-business-dominated
SmallSat vendor community, we recommend that future
SIMPLEx programs be afforded as much flexibility as
possible by allowing some flight hardware
procurements prior to KDP-C (the PDR milestone).
This would represent a change in SIMPLEx program
posture but would better align to a small spacecraft
implementation philosophy; it might even present cost
saving opportunities. Even facing pressures on an
already-compressed planetary spacecraft schedule,
Janus maintained a successful focus on schedule
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or end of the launch period, on a constrained SIMPLEx
budget.

observations, another important motivation for the twospacecraft architecture is that only one spacecraft is
needed to accomplish threshold science mission
objectives. The team is confident that Janus is wellpositioned to mitigate the risks of being an early deep
space SIMPLEx mission and the first implementation
of a new spacecraft architecture.

High ΔV requirements lead directly to a need for
thruster qualification to high propellant throughput
levels compared to a LEO mission. Such propulsion
systems are readily available for larger or more
expensive spacecraft. The SmallSat industry is
developing many innovative and low-cost propulsion
systems for LEO applications. Some of these are
attractive for small deep space missions, but either not
capable of, or designed to but not tested to the
necessary lifetime. This is particularly an issue with
electric propulsion systems that need thousands of
hours of firing time in a qualification campaign to
verify the needed throughput. Products developed for
LEO constellations are often not qualified to these
throughputs or firing durations, because their missions
have different maneuver profiles with smaller firings.
Once SmallSat propulsion systems intended for LEO
orbit maintenance do launch on operational missions,
they are often slow to accumulate in-space firing time.
Furthermore, as LEO SmallSat owners and operators
are frequently small businesses with few staff dedicated
to supplier relations, on-orbit performance reports or
even failure reports do not always flow back to the
propulsion system developer. The dearth of mature,
affordable, high-throughput propulsion systems for
SmallSats has been one of the major development
challenges for low-cost planetary missions to date.

Following Janus will be Lunar Trailblazer, a SIMPLEx
mission led by Caltech and managed by JPL. The Lunar
Trailblazer spacecraft bus is also built by Lockheed
Martin with many of the same core subsystem
components as Janus. Lunar Trailblazer has a different
propulsion system, derived from GRAIL, to execute a
high-ΔV lunar orbit insertion. Accommodating the
propellant for this maneuver, along with instrument
accommodation requirements, mean that Lunar
Trailblazer is a much larger spacecraft than Janus. The
Lunar Trailblazer design also serves as the base for the
first ParsecTM spacecraft, which provides commercial
communications relay and navigation services for
cislunar customers, beginning in 2024.12
SIMPLEx is an exciting, forward-leaning planetary
science mission program. We believe it will pave the
way for many more competed, PI-led, planetary
exploration missions to come, in the context of the
recently released Planetary Science and Astrobiology
Decadal Survey.13 In ambitiously applying SmallSat
technologies to planetary missions and accepting more
technology risks, SIMPLEx can expand the PMPO
mission portfolio with many more low-cost flight
opportunities procured through the NASA Launch
Services Program. The Janus team looks forward to a
successful science mission as we prove out a new class
of spacecraft, benefiting from the strong heritage of an
experienced planetary spacecraft provider.

To help mitigate these challenges, the Janus project
collaborated with its supplier to conduct an endurance
firing test of the thrusters for the full duration of the
Janus DSM at deep space conditions. This testing
evaluated the thrusters’ ability to perform and gave the
team confidence in their reliability. The Janus project’s
need for this testing underscores the value to customers
of testing SmallSat propulsion systems to the full
throughput or firing time stated on product literature,
even in a fast-moving market. Early availability of
endurance firing data could have reduced the
motivation for the change to add redundant thrusters.
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